INTRODUCTION {#sec1}
============

Isolated soy protein (ISP) is an food additive produced by isolating the proteins from soy (soybeans); it exhibits a protein content ≥ 90% \[[@B1]\]. In meat processing industries, ISP is used as an agent for binding and bulking during the production of emulsified meat. Its outstanding ability to bind with water and fat makes it a useful additive for enhancing the water holding capacity (WHC), emulsifying capacity, swelling, viscosity, gelling, and solubility of emulsified meat \[[@B1]\].

Another additive with similar functions to those of ISP with respect to binding and bulking is dietary fiber \[[@B2]\]. For meat (processed meat) products, the addition of various forms of dietary fiber increases the cooking yield of the product while enhancing its emulsifying capacity and texture; thus, they have been applied to processed meat products \[[@B3]\]. Dietary fiber is rich in foods such as vegetables, fruits, and seaweeds. It is a macromolecular carbohydrate that is excreted from the human body without being digested by digestive enzymes \[[@B4]\]. Dietary fiber has also been reported to exert positive effects in lowering plasma cholesterol and fat levels as well as in diabetes treatment, while reducing the incidence of cardiovascular diseases \[[@B2],[@B5]\].

The different forms of dietary fiber that can be applied to processed meat products include wheat, oat, and bamboo shoot fibers. Oat fiber has various properties, including the ability to absorb moisture; its use has been reported to have positive effects in producing fat-free frankfurters and low-fat bologna sausages \[[@B6]\]. Choi et al. \[[@B7]\] studied the replacement of ISP by wheat fiber in pork emulsion and reported that the quality properties did not deteriorate, thereby verifying the potential use of wheat fiber as a replacement. In a study on the addition of wheat and oat fibers to Chinese sausages, the original products and those to which dietary fiber was added did not show a significant difference in quality, thereby indicating their wide spectrum of use \[[@B8]\]. Bamboo shoot fiber, as an agent for bulking, is known to improve the WHC of meat products \[[@B2]\].

The present study aimed to investigate the addition of wheat, oat, and bamboo shoot fibers as potential replacements of ISP acting as a binding agent in pork emulsion products and to analyze their quality properties.

MATERIALS AND METHODS {#sec2}
=====================

Preparation of samples {#sec2-1}
----------------------

Pork ham (refrigerated for 24h after slaughter, Misochan, Chungnam, Korea) were used for pork emulsion for the test. Pork ham and back fat were ground using a grinder with equip plates of 3 mm. Minced pork ham (60%), back fat (20%), and ice (20%) were finely cut using a bowl cutter (K-30, Talsa, Valencia, Spain), added with NaCl (1.2%) and different forms of binding agents (ISP: 1%, PROFAM 974, ADM, IL, USA; wheat fiber: 2%, WF200, JRS, Rosenberg, Germany; oat fiber: 2%, JRS, Rosenberg, Germany; bamboo shoot fiber: 2%, JRS, Rosenberg, Germany) were added in proportion to the total weight to produce a pork emulsion. This pork emulsion was filled in a conical tube (50 mL conical tube, SPL, Korea) using a stuffer (EM-12, Mainca, Barcelona, Spain), followed by filled pork emulsion was thermally processed in an 80°C chamber (10.10ESI/SK, Alto Shaam, WI, USA) for 30 min, and then cooling at 10°C for 30 min.

Proximate composition {#sec2-2}
---------------------

The proximate composition was measured following methods in compliance with the AOAC \[[@B9]\]. Moisture content was measured by sample 1 g in a drying oven at 105°C for 24 h. Crude protein content was measured by Kjeldahl method. Crude fat content was measured by Soxhlet method. Ash content was measured by sample 1 g in a furnace at 600°C for 4 h.

Color {#sec2-3}
-----

The inner surface of the samples before and after heating was measure using a color reader (CR-10, Minolta, Tokyo, Japan) for CIE L\* (lightness), CIE a\* (redness), and CIE b\* (yellowness). A white standard plate with a CIE L\* of +97.83, CIE a\* of --0.43, and CIE b\* of +1.98 was used as reference.

pH {#sec2-4}
--

For measuring pH, each 5 g sample was placed in a conical tube along with 20 mL distilled water. After sample preparation, homogenizing using a ultra-turrax homogenizer (HMZ-20DN, Poolim Tech, Seongnam, Korea) at 10,000 rpm for 1 min. The pH of prepared mixture was measured using a pH meter (Model S220, Mettler-Toledo, Schwerzenbach, Switzerland).

Water holding capacity (WHC) {#sec2-5}
----------------------------

The WHC determined was slightly modified method of the Cabling et al. \[[@B10]\]. Each treatment 5 g was put in a conical tube covered with cotton, and cover filter paper up close the lid. Centrifugation using a centrifuge (Supra R22, Hanil, Gimpo, Korea) of prepared sample in an 1,092 ×g, 4°C centrifuge for 10 min. After centrifugation, WHC calculated using the following methods by measuring weight of water-drained sample.
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Emulsion stability {#sec2-6}
------------------

The emulsion stability was measured following by the method of Ensor et al. \[[@B11]\]. A 15 mesh sieve (4 × 4 cm) was placed in the middle of a glass tube. Pork batter (30 g, respectively) from each treatment was on the sieve in glass tubes, which were then covered. Samples from each treatment were cooked at 80°C for 40 min. After cooling to 4°C for facilitate fat and water layer separation. The water and fat, which separated in the glass tube for emulsion stability, were measured in milliliter and calculated as a percentage of the original weight of batter.
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Cooking loss {#sec2-7}
------------

The uncooked pork emulsion (weight before cooking) heat processed at chamber(80°C, 30 min), After cooling for 10°C, 1 h, cooking samples were weighed (weight after cooking) and a percentage cooking loss was calculated made according to following formula.
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Viscosity {#sec2-8}
---------

The viscosity of the meat emulsion was measured using a rotational viscometer (Merlin VR, Rheosys, NJ, USA). The sample was placed on a parallel plate of 30 mm with a gap of 2.0 mm, and measurement was conducted in 60 s at 20°C with a head speed of 20 rpm \[[@B12]\].

Texture profile analysis (TPA) {#sec2-9}
------------------------------

The texture of the sample was measured using a texture analyzer (TA 1, Lloyd, FL, USA). Samples were cut into sections with a height 2 cm and *φ* 2.5 cm diameter and measured at room temperature, with the following settings: a cylinder probe of 100 mm with a pre-test speed of 2.0 mm/s, a post-test speed of 5.0 mm/s, a maximum load of 2 kg, a head speed of 2.0 mm/s, a distance of 8.0 mm, and a force of 5 g. Hardness (N), springiness, and cohesiveness were measured and recorded, which were utilized for calculating gumminess (N) and chewiness (N).

Statistical analysis {#sec2-10}
--------------------

All analysis results were assessed after a minimum of three repeated trials. Analysis of variance were performed on all variables measured using the General Linear Model (GLM) procedure of the SAS software program (SAS version 9.3 for window; SAS Institute Inc., NC, USA), ANOVA and significant differences (*p* \< 0.05) were detected by Duncun's multiple range test. The results were indicated as means values and standard deviation.

RESULTS AND DISCUSSION {#sec3}
======================

Proximate analysis {#sec3-1}
------------------

The proximate composition of the pork emulsions produced using different forms of dietary fiber and ISP is presented in [Table 1](#T1){ref-type="table"}. ISP retains the moisture in meat and has the ability to prevent the separation of water molecules during the cooking process \[[@B13],[@B14]\]. For moisture content, a significantly higher content was exhibited by the wheat fiber-treated group than the ISP-treated group (*p* \< 0.05), while the oat and bamboo shoot fiber groups did not show a significant difference from the ISP group. An increase in the moisture content upon the addition of dietary fiber to emulsified meat products was reported in previous studies \[[@B15],[@B16]\]. The increase is due to the ISP-like water and fat binding ability of dietary fiber \[[@B2]\]. For protein content, all dietary fiber-treated groups showed a significantly lower content than the ISP-treated group (*p* \< 0.05). ISP is an agent that is isolated and extracted from soybean proteins; it exhibits a protein content ≥ 90% \[[@B13]\], which was likely the reason for its relatively high protein content in comparison with those of the other treatment groups. For fat and ash content did not differ significantly across all treatment groups; this result agreed with that of a previous study that added carrot fiber to ground processed meat products and found no significant difference in fat and ash content caused by the addition of dietary fiber (3%--12%) \[[@B17]\].

###### Proximate composition of pork emulsion formulated with different forms of dietary fiber and ISP

  Traits         Types of binding agent                                                                                                                        
  -------------- ---------------------------------------------- ---------------------------------------------- ----------------------------------------------- ----------------------------------------------
  Moisture (%)   49.18 ± 1.02^[b](#TN2){ref-type="table-fn"}^   54.49 ± 2.22^[a](#TN2){ref-type="table-fn"}^   53.69 ± 1.25^[ab](#TN2){ref-type="table-fn"}^   53.5 ± 3.94^[ab](#TN2){ref-type="table-fn"}^
  Protein (%)    14.82 ± 0.29^[a](#TN2){ref-type="table-fn"}^   13.94 ± 0.27^[b](#TN2){ref-type="table-fn"}^   12.89 ± 0.06^[b](#TN2){ref-type="table-fn"}^    13.59 ± 0.12^[b](#TN2){ref-type="table-fn"}^
  Fat (%)        21.99 ± 1.01                                   22.64 ± 0.58                                   19.70 ± 0.71                                    20.67 ± 2.62
  Ash (%)        3.44 ± 1.57                                    2.42 ± 0.11                                    2.25 ± 0.69                                     2.59 ± 0.33

All values are mean ± SD.

Means in the same row with different letters are significantly different (*p* \< 0.05).

ISP, isolated soy protein.

CIE color {#sec3-2}
---------

The CIE color of the pork emulsions produced using different forms of dietary fiber and ISP is presented in [Table 2](#T2){ref-type="table"}. The redness of the raw pork emulsion did not show a difference between the wheat fiber-treated and ISP-treated groups, while the oat and bamboo shoot fiber-treated groups displayed a significantly lower value than the ISP-treated group (*p* \< 0.05). The lightness after cooking showed significantly higher values across all dietary fiber-treated groups compared with the ISP-treated group (*p* \< 0.05). The yellowness showed higher values in the bamboo shoot fiber-treated group than in the other treatment groups (*p* \< 0.05). The CIE colors of ISP (L\*: 68.46, a\*: 1.44, b\*: 9.90) and dietary fiber (wheat fiber: L\* 87.88, a\* 1.78, b\* 9.34; oat fiber: L\* 89.12, a\* 1.82, b\* 9.78; bamboo shoot fiber: L\* 91.56, a\* 1.60, b\* 8.42) used in this study were found to exhibit the largest difference in lightness. This was likely due to the higher value of lightness in dietary fiber than that in ISP, which led to the higher value of lightness in emulsified meat after cooking. For certain forms of dietary fiber, the fiber's unique color is applied to enhance the color of the meat product \[[@B2]\], and an increase in lightness has been reported in several studies where dietary fiber was added to meat products \[[@B8],[@B15],[@B18]\].

###### CIE color of pork emulsion formulated with different forms of dietary fiber and ISP

  Traits     Types of binding agent                                                                                                                                                                        
  ---------- ---------------------------------------------- ----------------------------------------------- ----------------------------------------------- ---------------------------------------------- ----------------------------------------------
  Uncooked   L\*                                            67.25 ± 0.88                                    67.43 ± 0.15                                    67.83 ± 1.02                                   67.68 ± 0.29
  a\*        21.58 ± 2.59^[a](#TN5){ref-type="table-fn"}^   20.03 ± 0.44^[ab](#TN5){ref-type="table-fn"}^   18.02 ± 1.89^[bc](#TN5){ref-type="table-fn"}^   15.85 ± 0.31^[c](#TN5){ref-type="table-fn"}^   
  b\*        16.23 ± 0.60^[b](#TN5){ref-type="table-fn"}^   16.63 ± 0.10^[b](#TN5){ref-type="table-fn"}^    16.74 ± 1.37^[b](#TN5){ref-type="table-fn"}^    18.43 ± 0.39^[a](#TN5){ref-type="table-fn"}^   
  Cooked     L\*                                            66.83 ± 0.49^[b](#TN5){ref-type="table-fn"}^    69.60 ± 0.15^[a](#TN5){ref-type="table-fn"}^    70.08 ± 0.78^[a](#TN5){ref-type="table-fn"}^   69.72 ± 0.37^[a](#TN5){ref-type="table-fn"}^
  a\*        19.30 ± 1.07                                   19.85 ± 0.91                                    20.62 ± 2.70                                    18.06 ± 1.66                                   
  b\*        11.63 ± 0.69^[b](#TN5){ref-type="table-fn"}^   11.85 ± 0.34^[b](#TN5){ref-type="table-fn"}^    12.04 ± 0.72^[b](#TN5){ref-type="table-fn"}^    15.20 ± 2.73^[a](#TN5){ref-type="table-fn"}^   

All values are mean ± SD.

Means in the same row with different letters are significantly different (*p* \< 0.05).

ISP, isolated soy protein.

pH and WHC {#sec3-3}
----------

The pH of the pork emulsions produced using different forms of dietary fiber and ISP is presented in [Table 3](#T3){ref-type="table"}. Before cooking, the pH of the raw pork emulsion based on the type of binding agent was in the range of 5.65--5.68, which increased to 5.79--5.81 after cooking; however, the difference across the treatment groups was not significant. When different forms of dietary fiber (lemon albedo, wheat, and oat) were added to emulsified or ground meat products, the pH did not change according to the added amount \[[@B8],[@B15]\]. In the production of sausage emulsion, the addition of wheat fiber as an ISP replacement did not lead to a difference in pH across the treatment groups \[[@B7]\], which was in line with the results of this study. Nonetheless, the addition of certain forms of dietary fiber to processed meat products does cause a change in pH \[[@B16],[@B18]\], which is likely owing to the individual characteristics of each dietary fiber. ISP and dietary fiber are known to absorb and bind to water \[[@B2],[@B13],[@B14]\], and ISP has been widely used as a binding or bulking agent in the production of emulsified meat in the meat processing industry.

###### pH and water holding capacity (WHC) of pork emulsion formulated with different forms of dietary fiber and ISP

  Traits    Types of binding agent                                                                                                                                                                      
  --------- ---------------------------------------------- ---------------------------------------------- ---------------------------------------------- ---------------------------------------------- ----------------------------------------------
  pH        Uncooked                                       5.68 ± 0.04                                    5.65 ± 0.01                                    5.65 ± 0.01                                    5.65 ± 0.01
  Cooked    5.81 ± 0.05                                    5.81 ± 0.03                                    5.79 ± 0.01                                    5.80 ± 0.02                                    
  WHC (%)   Uncooked                                       13.49 ± 0.14^[b](#TN8){ref-type="table-fn"}^   15.78 ± 0.82^[a](#TN8){ref-type="table-fn"}^   16.05 ± 0.45^[a](#TN8){ref-type="table-fn"}^   15.98 ± 0.72^[a](#TN8){ref-type="table-fn"}^
  Cooked    18.18 ± 0.54^[b](#TN8){ref-type="table-fn"}^   19.74 ± 0.72^[a](#TN8){ref-type="table-fn"}^   19.45 ± 0.41^[a](#TN8){ref-type="table-fn"}^   20.36 ± 0.61^[a](#TN8){ref-type="table-fn"}^   

All values are mean ± SD.

Means in the same row with different letters are significantly different (*p* \< 0.05).

ISP, isolated soy protein; WHC, water holding capacity.

The WHC of the pork emulsion produced using different forms of dietary fiber and ISP is presented in [Table 3](#T3){ref-type="table"}. Raw and after cooking, the WHC of the dietary fiber-treated groups were significantly higher value than ISP-treated group (*p* \< 0.05). In line with the results of this study, Talukder and Sharma \[[@B19]\] found that for ground meat products, the WHC increases with the addition of wheat bran and oat bran with a high content of dietary fiber, and Biswas et al. \[[@B2]\] reported that the dietary fibers extracted from carrageenan, wood pulp, bamboo, and wheat can enhance the WHC of meat products.

Emulsion stability and cooking loss {#sec3-4}
-----------------------------------

The emulsion stability and cooking loss of the pork emulsions produced using different forms of dietary fiber and ISP are shown in [Fig. 1](#F1){ref-type="fig"}. For emulsion stability, water loss and fat loss were 18.55%--23.09% and 2.13%--4.32%, respectively, but no significant difference was observed among the various forms of dietary fiber and ISP. For cooking loss, the loss in the ISP-treated group was found to be significantly higher than those of the fiber-treated groups (*p* \< 0.05). The group treated with oat fiber exhibited a significantly lower value than the ISP or wheat fiber groups (*p* \< 0.05); the bamboo shoot fiber group did not differ significantly from the wheat or oat fiber groups. In line with the results of this study, the addition of dietary fiber as a binding agent in the production of emulsified or ground meat has been reported to enhance the emulsion stability and reduce cooking loss \[[@B7],[@B19]\]. At the meat product, outstanding WHC was known as lead to decrease of cooking loss \[[@B20]\]. Thus, the addition of dietary fiber as an ISP replacement could reduce the loss in emulsified meat products, based on which an economic benefit is anticipated.

![Emulsion stability and cooking loss of pork emulsion formulated with different forms of dietary fiber and ISP.\
^a--c^Means in the same bar with different letters are significantly different (*p* \< 0.05). ISP, isolated soy protein.](jast-62-1-94-g1){#F1}

Viscosity {#sec3-5}
---------

The viscosity of the pork emulsions produced using different forms of dietary fiber and ISP is shown in [Fig. 2](#F2){ref-type="fig"}. ISP increases the viscosity when added to food products between liquid and semi-solid states \[[@B13]\], and the addition of ISP is also known to increase the viscosity of emulsified meat \[[@B14]\]. The viscosity of the pork emulsion produced using various forms of dietary fiber and ISP did not show a significant difference among the dietary fiber-treated groups (108.18--113.16 Pa · s), whereas the ISP-treated group showed a lower value of viscosity (89.42 Pa · s) than the dietary fiber-treated groups. Choi et al. \[[@B7]\] reported that the separate addition of ISP and wheat during the production of sausage emulsion resulted in a similar increase in viscosity, which was in line with reports where the addition of dietary fiber to low-fat emulsified meat products led to an increase in viscosity \[[@B21],[@B22]\]. The processed meat products can maintain a stable state during the emulsion process as a reticular structure is organized among water, protein, and fat \[[@B23]\]. This leads to a degree of viscosity, which is used as the main indicator of the emulsion level and stability for emulsified meat products \[[@B24]\]. Thus, present results showed indicated dietary fiber has led to excellent stability of emulsifier as a binding agent.

![Viscosity of pork emulsion formulated with different forms of dietary fiber and ISP.\
ISP, isolated soy protein.](jast-62-1-94-g2){#F2}

TPA {#sec3-6}
---

The texture profile analysis (TPA) of the pork emulsions produced using different forms of dietary fiber and ISP is presented in [Table 4](#T4){ref-type="table"}. Soy protein is a textured soy protein (TSP) that has been used in the food industry to enhance food texture \[[@B13],[@B14]\]. Dietary fibers can also enhance the texture, which has made them suitable for use as a fat replacement \[[@B2],[@B16]\]. The TPA results showed that springiness, gumminess, and chewiness did not exhibit significant intergroup differences, whereas hardness displayed a significantly lower value in the ISP-treated group than in the dietary fiber-treated groups (*p* \< 0.05). No significant difference was found across the different fiber-treated groups. On the contrary, cohesiveness showed a significantly higher value in the ISP-treated group compared with those in the dietary fiber-treated groups (*p* \< 0.05), with the different fiber-treated groups showing no significant intergroup difference. Eim et al. \[[@B17]\] reported that upon the addition of carrot fiber to ground meat products, hardness increases with the increasing amount of added dietary fiber. Fernandez-gines et al. \[[@B18]\] reported that when the amount of citrus fiber exceeds a certain level during the production of bologna sausage, hardness increases and cohesiveness decreases, as was the case in this study. Thus, considering the physicochemical properties, the addition of dietary fiber as an ISP replacement is anticipated to enable the production of emulsified meat products with a firm texture.

###### Texture profile analysis of pork emulsion formulated with different forms of dietary fiber and ISP

  Traits          Types of binding agent                                                                                                                          
  --------------- ----------------------------------------------- ----------------------------------------------- ----------------------------------------------- -----------------------------------------------
  Hardness (N)    18.61 ± 1.03^[b](#TN11){ref-type="table-fn"}^   23.60 ± 2.35^[a](#TN11){ref-type="table-fn"}^   23.48 ± 1.50^[a](#TN11){ref-type="table-fn"}^   23.63 ± 0.94^[a](#TN11){ref-type="table-fn"}^
  Springness      0.92 ± 0.02                                     0.92 ± 0.02                                     0.90 ± 0.03                                     0.92 ± 0.01
  Cohesiveness    0.42 ± 0.04^[a](#TN11){ref-type="table-fn"}^    0.34 ± 0.05^[b](#TN11){ref-type="table-fn"}^    0.33 ± 0.01^[b](#TN11){ref-type="table-fn"}^    0.32 ± 0.07^[b](#TN11){ref-type="table-fn"}^
  Gumminess (N)   7.88 ± 0.40                                     7.88 ± 0.51                                     7.74 ± 0.56                                     7.50 ± 1.80
  Chewiness (N)   7.21 ± 0.44                                     7.24 ± 0.47                                     6.93 ± 0.53                                     6.90 ± 1.71

All values are mean ± SD.

Means in the same row with different letters are significantly different (*p* \< 0.05).

ISP, isolated soy protein.

CONCLUSION {#sec4}
==========

The present study analyzed the quality properties of pork emulsion manufactured replacing the ISP as a binding agent for different forms (wheat, oat, and bamboo shoot) of dietary fibers. Important factors as a binding agent, WHC and cooking loss of dietary fiber-treated groups were excellent more than ISP-treated group. In case of viscosity, dietary fiber-treated groups were higher than ISP-treated group. Therefore, dietary fibers can replace ISP as a binding agent for pork emulsion.
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